® 



J 



Europalsches Patentamt 
European Patent Office 
Office europtfen des brevets 



© Publication number: 



0 342 800 

A2 



® EUROPEAN PATENT APPLICATION 

© Application number: 89304024.6 © | nt . ci. 4 : F16C 9/04 

@ Date of filing: 24.04.89 



© Priority: 17.05.88 US 194750 

© Date of publication of application: 
23.11.89 Bulletin 89/47 

© Designated Contracting States: 
DE ES PR GB 

© Applicant: FORD MOTOR COMPANY LIMITED 
Eagle Way 

Brentwood Essex CM13 3BW(GB) 
© GB 

Applicant: FORD-WERKE 

AKTIENGESELLSCHAFT 

Werk Kdln-Niehl Henry-Ford-Strasse 

Postfach 60 40 02 

D-5000 Koln 60(DE) 

© DE 

Applicant: FORD FRANCE S. A. 



B.P. 307 

F-92506 Rueil-Malmaison Cedex(FR) 
® FR 

Applicant: FORD MOTOR COMPANY 
County of Wayne 
Dearborn, Ml 48120(US) 

© ES 

© Inventor: Hoag, Peter Y. 
320 Scott's Hill Road 
Milford Michigan 48042(U*) 
Inventor: Yoa y «r, David A. 
2SSO Pino Court 
Plymouth Michigan 48170(US) 

© Representative: Messulam, Alec Moses et al 
A. Messulam & Co. 24 Broadway 
Leigh on Sea Essex SS9 1BN(GB) 



© Making a fractured powder metal connecting rod. 

A method of making a connecting rod (10) for 
attachment to a bearing journal by separation of 
parts of the connecting rod, comprising forging a 
powder metal sintered preform to provide a one- 
piece connecting rod (10) having an annular wall (13) 
^defining a crank opening (12) with a centre axis and 
<with stress risers (22.23) for establishing a cracking 
0 plane (24) that extends across said crank opening; 
q providing access for a compression coupling across 
00 the cracking plane, while at ambient conditions, ap- 
^ plying tension substantially uniformly across the 
^cracking plane (24) to propagate fracture from the 
CO stress risers (22.23) along said cracking plane (24) 
Q and thereby separate the connecting rod into a cap 
(52) and body (53) with cracked surfaces, and re- 
g- mating the cap (52) and body (53) by applying a 
compression coupling through the access (21) to 
draw said cap (52) and body (54) together under 



guidance and with metal yielding pressure to effect 
substantially an exact rematch of said cracked sur- 
faces. 
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MAKING A FRACTURED POWDER METAL CONNECTING ROD 



This invention relates to the art of making an- 
nular bearing assemblies with separable journaliz- 
ing parts that permit reception of a shaft other than 
along an axial direction of the bearing; and, more 
particularly, it relates to the art of making split 
connecting rods for use in automotive internal com- 
bustion engines. 

Automotive connecting rods usually have one 
end that forms part of an annular bearing assembly 
requiring separable cap and body portions to per- 
mit insertion of a complex configured crankshaft 
from a direction not along the axis of the bearing. A 
simple pin bearing assembly at the opposite end of 
the connecting rod usually attaches the rod to a 
piston; the simplicity of this attachment allows the 
pin to be received along the axis of the bearing. 

The advent of more compact engines deliver- 
ing higher horsepower at increasingly higher en- 
gine speed has placed increased stress on the 
cor.nt?^.. 7 rod and its bearings. The bipartite rod 
should act as o ^rfsry oiece to transfer dynamic 
forces with better bea>... 0 ~o meet this chal- 
lenge, the manufacture of automotive - Connecting 
rods has undergone evolutionary changes. 

Connecting rods were originally made by sepa- 
rately casting or forging attachable cap and body 
portions. These parts were usually made of high 
carbon wrought steel and were separately machin- 
ed at both joining faces and thrust faces; they were 
then separately drilled with holes to accept fasten- 
ers. A first evolutionary step was to cast or forge 
the connecting rod as a single steel piece, followed 
by the drilling of holes to accept fasteners. The 
single piece was sawed to obtain cap and body 
portions which were separately rough-machined at 
the thrust and contacting surfaces; the two portions 
were then bolted together for finish-machining. The 
separate steps of machining and sawing were not 
only cumbersome and expensive, but they also did 
not ensure a perfectly matched cap and body 
under all operating forces. The bolts cannot ensure 
perfect dowelling of the cap and body portions 
upon bolting together because of some diametrical 
clearance existing between the unthreaded bolt 
shank and the opening through which it extends. 
The bolts were torqued to apply compression 
forces that would prevent relative movement be- 
tween the portions. Unfortunately, under some op- 
erating conditions, this inherent fastener clearance 
may permit slight microshifting of the cap and 
body portions which may affect bearing life. 

As the next step in this evolutionary change, a 
single-piece connecting rod was split into its mat- 
ing cap and body portions with an undulating inter- 
face in the hope of providing non-sliding surfaces 
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where the cap and body portions are bolted to- 
gether. If such surfaces were properly remated, the 
remate should prevent microshifting and assure 
more accurate operating alignment. 

5 To split the single piece into two, it was initially 

struck on one side with a sharp blow. This met with 
little success because of the uncontrollability of the 
cracking plane and possible damage to the con- 
necting rod. An early attempt at non-impact split- 

io ting was accomplished by fracturing the big end of 
the connecting rods with a wedge-expandable man- 
drel placed in the crank bore opening (see U.S. 
patent 2,553,935). All finish machining was con- 
' ducted on the one-piece connecting rod before 

15 fracturing. Even though the rod was made of a 
strong, non-brittle, high carbon wrought steel, frac- 
turing was carried out at room temperature. Britt- 
leness across the cracking plane was achieved by 
cutting deep radial reductions at the crack plane- 

20 by sawing, milling, and drilling, or combination of 
all three— to significantly reduce the crackable sec- 
tion. Such connecting rods were intended for light 
duty applications such as small outboard marine 
engines and lawnmowers. 

25 Another approach to splitting was disclosed in 

U.S. patent 3,751,080, which recognised the dif- 
ficulty of fracturing strong high carbon steels at 
room temperature when they were formed in large 
sizes adequate for automotive engine applications. 

30 An electron beam was moved along a desired 
splitting plane in an undulating fashion to render a 
pair of rippled interfacing surfaces. Again, all ma- 
chining was accomplished prior to the splitting. 
This technique may be undesirable not only be- 

35 cause a high energy electron beam can have a 
deleterious effect upon material performance, but 
also because it is considered slower and more 
costly than previous techniques. 

A recent attempt at splitting is disclosed in U.S. 

40 patent 4,569,109, which suggests that the rod can 
be composed of either cast iron, aluminium, or 
steel that is made brittle by freezing or heat treat- 
ment. Such materials can then be fractured by 
applying tension across a cracking plane while 

45 limiting relative movement of the cap and body 
portions to avoid bending or incomplete fracture 
(the material having sufficient ductility to provide 
this risk). Again, this method provides all finish- 
machining prior to cracking. Disadvantages peculiar 

50 to this technique are: (a) To avoid freezing or 
unnecessary heat treatment, cast iron or aluminium 
must be used that does not^provide_adequate ten- 
sile strength for a given size; thus, a more massive 
rod is necessary to achieve higher strengths, which 
is counterproductive both to fracturing at room tem- 
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perature and to a better balanced rod. (b) Because 
all shaping or machining must be carried out prior 
to cracking, the technique suffers from association 
with wrought materials, (c) Separate machining 
must be provided to make the rod sensitive to 
cracking, (d) Marginally ductile materials cannot 
always be cleanly cracked, (e) Crack-initiating 
notches in the crank bore wall provide inadequate 
support for insertion of a bearing member. 

There are also certain disadvantages common 
to all of the prior art splitting techniques: (a) the 
bolts, when assembled into both the cap and body 
portions of a split rod. are retained loosely in place 
until final assembly, subject to being unintentionally 
unscrewed and misplaced and thereby permitting 
mix-up of mating parts; (b) the clearance between 
each bolt shank and bolt opening is not controlled 
sufficiently to provide an adequate guide to re- 
mating the cap and body portions at identically 
their exact separation location; (c) some slight dis- 
tortion in the roundness of the bore opening in the 
cap and body portions may accompany room tem- 
perature splitting by tension and is not compen- 
sated during reassembly thereby detracting from 
the accuracy of the final assembly; and (d) the 
need to machine locking notches in the internal 
surface of the bore opening wall while the cap and 
body are separated. 

According to the present invention there is 
provided a method of making a connecting rod for 
attachment to a bearing journal by separation of 
the connecting rod. the method comprising the 
steps of: 

(a) forging a powder metal sintered preform 
to provide a one-piece connecting rod having an 
annular wall, defining a crank opening with a centre 
axis, said rod being provided with stress risers in 
the annular wall for establishing a cracking plane 
that extends across said crank opening; 

(b) providing access for a compression cou- 
pling across said cracking plane; 

(c) while at ambient conditions, applying ten- 
sion substantially uniformly across said cracking 
plane to propagate fracture from said stress risers 
along said cracking plane and thereby separate 
said connecting rod into a cap and body with 
cracked surfaces, and 

(d) remating said cap and body by applying 
a compression coupling through said access to 
draw said cap and body together under guidance 
and under metal yielding pressure to effect sub- 
stantially an exact rematch of said cracked sur- 
faces. 

The stress risers may be crack-initiating crev- 
ices, preferably provided by preformed indenta- 
tions in the annular wail at opposite sides of the 
crank opening and extending substantially parallel 



to the centre axis. Alternatively, the stress risers 
are provided by at least two machined grooves at 
opposite sides of the inner bore wall again extend- 
ing substantially parallel to the centre axis. Crack- 
5 ing can be carried out by use of an expandable 
mandrel in the crank bore opening to internally 
create tension or by use of a device to continu- 
ously pull the rod apart externally creating tension. 
Guidance in step (d) is preferably carried out by 
10 controlling the diametrical tolerance of the com- 
pression coupling and its access opening to .006- 
.014 inches; the draw of such coupling is carried 
out with a force substantially up to the yield point 
of the metal comprising the compression coupling. 
is Preferably, the forged powder metal one-piece 

rod has a sharpy V-notch test value of 10-15 ft/lbs 
at 70°F and a hardness of 30-40 R c . More prefer- 
ably, the powder metal rod has tensile test prop- 
erties of 130-140 ksi, a yield strength of 100-115 
20 ksi. elongation of 10-15%, and a reduction of area 
at the yield point of 30-40%. 

In one embodiment of the invention the stress 
risers (for establishing a cracking plane) are de- 
fined independently of the forging step, and the 
25 fracturing step is carried out to continuously pull 
apart the single-piece connecting rod in a direction 
perpendicular to the cracking plane and with no 
limit on relative separation movement along the 
direction of pulling. With reference to the direction 
30 of pulling, the cap portion may be held stationary 
and only the body portion pulled along such direc- 
tion; alternatively, the body portion may be held 
stationary and the cap portion pulled away. More 
preferably, the cap portion is made substantially 
35 square to the direction of pulling by stops limiting 
skewjng deviation and the body portion is main- 
tained square to the pulling direction by securing 
the pin end of the body portion to a slidab.'s 
support and sliding ' such support along a track 
40 parallel to the pulling direction. 

Advantageously, for automotive connecting 
rods, the ratio of the mass (in grams) of the* rod to 
the cross-sectional cracking plane area (in square 
inches) of the rod is in the range of about 400 to 

45 800. 

Preferably, a mock journal is used to guide the 
application of compression forces, and full radius 
bearing locking notches are provided at each dia- 
metrical side of the annular wall extending across 

so the cracking plane with each notch having a cur- 
vilinear radial extremity throughout its length. 

The apparatus aspect of this invention com- 
prises: (a) a member for holding one internal side 
of a bearing generally stationary, the one side 

55 being on one side of an intended cracking plane; 
and (b) means for continuously pulling a second 
internal side of the bearing away from the first side 
in a direction perpendicular to the cracking plane 
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while the second internal side is held substantially 
square to the direction of pulling. 

The connecting rod embodying the invention 
includes, (a) a body and cap. each consisting of 
densified powder metal fractured from a unitary hot 
forged powder metal preform of substantially net 
shape, the body and cap being remated at sub- 
stantially the exact rematch of the fracture surfaces 
and secured in such rematched position by thread- 
ed compression fasteners extending across the 
cracking plane; (b) clean cracked surfaces extend- 
ing along the cracking plane with little or no raised 
lips or edges deviating therefrom; (c) improved 
bore tolerances to .0004 inches or less; and (d) a 
mass/cross-sectional cracking area ratio of 400- 
800. 

The invention will now be described further, by 
way of example, with reference to the accompany- 
ing drawings, in which : 

Figure 1 is a perspective view of a forged 
one-piece powder metal connecting rod which is to 
be fractured according to this invention; 

Figures 2 (A-C) are schematic flow diagrams 
of the different method aspects of this invention; 

Figure 3 is an elevational view, partly in 
section of an apparatus useful in carrying out the 
method aspect of Figure 2A; 

Figure 4 is a side elevational view taken 
along line 4-4 of Figure 3; 

Figure 5 is a fragmentary perspective view 
of a portion of the cap of the connecting rod 
showing the fractured surface thereon; 

Figure 5a is an enlarged side view of the 
fractured surfaces of both the cap and body; 

.. Figure 6 is a* ---(arged exploded perspec- 
tive vi^w of a portion of the large end of the 
connecting rod and a fastener used to apply com- 
pression forces between the cap and body; 

Figure 6a is an enlarged sectional view of a 
portion of the fastener inserted into the fastener 
opening of the rod in Figure 6, and additionally 
shows an interference-fit ferrule in position; 

Figures 7 and 8 are, respectively, side 
elevational and perspective views of a device used 
to guide and draw the split cap and body portions 
together about a mock bearing journal; 

Figure 9 is a side elevational view, partly 
broken away, to illustrate lock notches in the crank 
bore opening; 

Figure 9a is an enlarged sectional view taken 
substantially along line 9a-9a of Figure 9; 

Figure 10 is a front elevational view of a 
connecting rod processed in accordance with this 
invention and shown as assembled with a crank 
arm bearing therein; 

Figure 1 1 is a schematic perspective view of 
a pulling apparatus useful in carrying out the meth- 
od aspect 2B; 



Figure 12 is a sectional view taken along line 
12-12 of Figure 11; and 

Figure 13 is a perspective view of the con- 
necting rods, made by this invention, assembled in 
s an automotive engine. 



Powder Metal One Piece Rod 

10 

Common to all the method aspects of this 
invention is the use of a powder metal sintered 
preform which is hot formed to near net shape of a 
connecting rod. By the mechanism of controlled 

15 sintering of alloyed metal powder, followed by con- 
trolled cooling, a connecting rod can be formed 
which possesses desirable notch sensitivity so that 
it can be split with a desirable fracture pattern that 
ensures improved remating. For powder steel con- 

20 necting rods, a sharpy V-notch value of 5-10 ft/lbs 
at 70°, along with a hardness of 15-27 R c (75-88 
R G ) is desirable. Such notch sensitive steel material 
can be attained even though the connecting rod 
will have tensile test physical characteristics which 

25 may include an ultimate tensile strength of 120-140 
ksi, a yield strength of 80-100 ksi. an elongation of 
10-15%, and a reduction of area at yield of 20- 
30%. 

For powder aluminium alloy connecting rods, 

30 the sharpy V-notch value will be slightly lower than 
that of powdered steel at 70°F; such notch sen- 
sitive aluminium alloy material can be attained 
even though the other physical properties are en- 
hanced by fibre reinforcement in other regions of 

35 the rod. 

To this end, a steel powder metal net shape 
connecting rod is formed by the following steps: (a) 
admixing (percent by weight of the admixture) a 
ferrous powder with .4-.8% graphite and 1 .5-2.5% 

40 copper, the admixture should contain no more than 
1.5% impurities and should have an average par- 
ticle size of about -200 mesh; (b) the admixture is 
compacted under sufficient force to define a 
preform having a density and configuration to facili- 

45 tate handling and subsequent hot forming into a 
desired shape; (c) the preform is sintered in a low 
oxygen potential atmosphere (as low as 80 ppm) at 
a temperature of at least 20-50°F (preferably 
2350°F) (1287.8°) for about 10-15 minutes; the low 

so oxygen potential atmosphere may be obtained by 
using a dry hydrogen atmosphere, dissociated am- 
monia or nitrogen/hydrogen mixtures dried by us- 
ing molecular sieves; (d) hot forming the sintered 
preform at a temperature of about 1 800-1 900°F 

55 under pressure of 50-100 tons per square inch to 
define a forged shape having a-densrty-irr excess 
of 99% (about 7.82 grams/cm 3 minimum); and (e) 
controllably cooling the hot formed preform to form 



E P 0342800A2_1_> 



7 



EP 0 342 800 A2 



8 



a ferrite-pearlite microstructure; this can be carried 
out by allowing it to cool in the furnace to a 
temperature of 1700°F, and thereafter in aqueous 
solution or air to ensure avoidance of carbides but 
also avoidance of too soft a material. 

The ferrous powder may be a water-atomised 
soft iron powder; the admixture may contain not 
only copper and graphite, but also manganese 
sulphide, and a wax lubricant added to facilitate 
ejection of the compressed powder admixture from 
the die. The final composition of the sintered metal 
may be about .5% C, 2% Cu, 0.1% S. 0.7% Mn, 
and the balance Fe. 

Alloying ingredients may be employed in the 
iron powder admixture. Some of such alloying vari- 
ations are more fully described in U.S. patent 
4,069,044, assigned to the assignee of this inven- 
tion, and the disclosure of which is incorporated 
herein by reference. But such alloying agents must 
be moderated to ensure a powder metal of a re- 
duced sharpy V-notch value to achieve brittle frac- 
ture. 

The density of the preform is preferably 6.5 
grams/cm 3 which is about 82% of theoretical den- 
sity of steel, the remaining 18% consisting of wax 
lubricant and porosity. The wax is removed by 
vaporisation during the early heating of step (c) 
which is carried out in a rotary hearth furnace. In 
the forging step, the sintered preform is preferably 
densified with one blow of the press having a 
prelubricated and preheated die cavity. If needed, 
the hot formed rods are deburred to remove flask 
and double disk ground to meet dimensional thick- 
ness specifications. 



Generic Method Mode 

As shown in Figure 2A, a first or generic meth- 
od mode broadly comprises: (a) forging a powder 
metal connecting rod with stress risers for estab- 
lishing a cracking plane; (b) providing access for a 
compression coupling across the cracking plane; 
(c) cracking the connecting rod by tension along 
the cracking plane; and (d) remating the split por- 
tions under guidance and under yielding pressure. 
Implied steps which are not part of the essential 
steps of mode A, but which are used to make the 
rod, comprise: (e) finish-machining of the mated 
rod. and (f) assembly of the finish-machined rod 
onto a shaft with a bearing assembly. 

To carry out step (a), the powder metallurgy 
techniques above-described are utilised. As shown 
in Figure 1. the hot formed preform provides a 
connecting rod 10 having a big end 11 adapted for 
holding a crank arm and bearing assembly in a 
crank opening 12 defined by annular cylindrical 
wall 13 having a centre axis 14. The rod 10 has 



shoulders 15 and 16 respectively at opposite sides 
of the rod (taken with respect to a longitudinal axis 
17 of the rod). At the small end 18, a cylindrical 
bearing wall 19 is provided to receive a pin bearing 

5 along a centre axis 20. The shoulders 15 and 16 
are designed with sufficient mass to accommodate 
fastener openings 21 in each side and have an axis 
oriented to be parallel with the axis 17. 

Stress risers 22 and 23 are incorporated into 

io the preform to establish a cracking plane 24. The 
stress risers permit initiation of fracture and propa- 
gation of the crack across the weakest plane of the 
material perpendicular to the direction of tension. 
Such stress risers may be crevices on the wall 13 

75 which extend parallel to the bore axis 14 of bore 
opening 12 and extend throughout the thickness 25 
of the rod (longitudinal extent of opening 1 2). Such 
crevices may preferably be incorporated as an 
open groove or fold in the hot forming stage when 

20 making the near net shape preform, and such hot 
formed groove or fold may be further machined or 
broached to have sharply converging walls with an 
included angle of 70-100°. Alternatively, such 
stress risers may be initially formed by machining 

25 or broaching sharp grooves in the unmachined or 
rough-machined wall 13; such crevices or grooves 
should desirably have a sharp convergence of 
walls and a depth of about .030 inches so that 
upon application of tension to the inside of the bore 

30 opening and across the cracking plane, the 'crack 
will propagate sideways along such plane 24. 

For purposes' of step (b), the openings 21 
constitute an access for threaded fasteners which 
together with the rod serve as a compression cou- 

35 pling (see Figures 1 and 6). These openings are 
drilled into the shoulders 15 and 16 across the 
cracking plane 24. The portion of each opening 21 , 
that resides on the side of plane 24 opposite from 
where the drill enters the rod, is tapped to provide 

40 threads 26. The other portion of the opening 21 is 
unthreaded and preferably is designee* la maintain 
a diametrical clearance of about .001 inch with the 
bolt shank that extends therethrough. 

Prior to the cracking step, the one-piece rod is 

45 not only drilled and tapped to provide the access, 
but may also have (i) crank opening wall 13 and 
pin opening wall 19 rough-machined, (ii) thrust sur- 
faces 27 (on opposite sides of the rod and about 
the crank opening 12) ground to provide perpen- 

so dicular thrust faces with respect to axis 14, (iii) 
thrust surfaces 28 (on opposite sides about pin wall 
19) ground to provide thrust faces perpendicular to 
axis 20, and (iv) bolt head seats 29 machined or 
spot faced to provide accurate surfaces perpen- 

55 dicular to the axes of the cylindrical openings 21 
(which are parallel to axis 17) and parallel to the 
axis 14. 

Step (c) is carried out to create tension across 
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the cracking plane by applying an expanding pres- 
sure to the inside of the crank opening wall 13. To 
this end, and as shown in Figures 3 and 4, the one- 
piece connecting rod is loosely supported in a 
vertical position against a web 30 having dowels 31 
and 32 projecting outwardly to seat the small end 
18 of the rod, and blocks 35 and 36 extend out- 
wardly to loosely cradle the sides of the big end 1 1 
while blocks 33 and 34 extend outwardly to loosely 
cradle the sides of the small end 18. 

An expandable mandrel 37, carried by a slide 
apparatus 38, is inserted into the crank opening 12 
of the supported connecting rod. The mandrel has 
two oppositely acting members 40 and 41, each 
respectively provided with a hemispherical-like sur- 
face 42,43 which can engage only that portion of 
the wall 13 which lies on one side of the cracking 
plane 24. The wedge 39 is interposed between the 
members 40 and 41, and when pulled to the right 
(by an actuating cylinder 44 operating through a 
shaft 45 attached to an extension 46 of the wedge 
39 via a coupling 47), the wedge 39 will cam 
mating surfaces 48 and 49 of such members radi- 
ally outwardly and perpendicular to the cracking 
plane 24. The members are loosely restrained 
about the wedge 39 by collar 50 which does not 
inhibit expansion for cracking. 

The slide apparatus 38 supports the wedge 
connection of extension 46, shaft 45 and coupling 
47 in a slide carriage 51; the carriage in turn is 
slidably supported on a pair of rails 52. An actuator 
53 is employed to move the slide apparatus to the 
left via a rod 53a for positioning of the mandrel 37 
in the rod opening 12. When the insertion is com- 
pleted, the actuator 44 can then draw the wedge 39 
to the right to burst the rod apart i^tu a cap 52 and 
body 53. 

If the mandrel is -^curately mated to the con- 
necting rod - -j ihe camming angle 55 is suffi- 
ciency gradual (in the range of 10-25° taken with 
reference to the cracking plane 24), the connecting 
rod will have fractured surfaces 56 and 57 at each 
side of the rod (one such surface is shown in 
Figure 5). Such surfaces will be characterised by 
unique raggedness (equivalent to unique finger- 
prints) that results from microyielding deformations 
or peaks 58 as shown in Figure 5a. 

Step (d) involves remating the split portions 
(cap 52 and body 53) with an exact identity of the 
unique fracture raggedness (or fingerprints) as 
shown in Figure 6a. Two things are employed to 
accomplish this: the threaded fasteners 60 are in- 
serted into the fastener openings 21 to draw the 
cap 52 and body 53 together (see Figure 6). Micro- 
misalignment of the cap and body is avoided by 
control of the diametrical clearance between the 
shank 60a of each bolt and the unthreaded portion 
of opening 21, such as within .006- .01 4 inches. 
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It is advantageous that the fastener 60 (i.e., 
steel alloy (Class 8) bolts) be stressed (by turning 
with high torque against the threads 54 of the 
opening) up to the yield point of the steel material 

5 of the bolt shank. The yield point of peaks 58 of 
the ragged fracture will be lower than the yield 
point of the alloy steel bolt 60. It is important that 
microalignment of the cap and body be provided 
because any mating peaks and valleys not realig- 

10 ned will undergo some ductile deformation while 
the cap and body are compressed together. This 
facilitates mating but reduces interlocking effect 
between the peaks of the mating surfaces. Any 
micromisalignment can further be obviated by use 

is of a mock journal guide 67 (see Figures 7 and 8), 
and any out-of-roundness of the wail 13 of the cap 
. and body will also be restored during such re- 
mating step. The mock journal is inserted into the 
crank opening 12 with the diametrical clearance 

20 between the mock journal outer surface 67a and 
internal crank opening wall being about .0006 
inches or less. The mock journal should be the 
substantial equivalent of the combination of the 
bearing sleeve 64 and crank arm 65 which is to be 

25 inserted and received by the connecting rod big 
end. 

Advantageously, such mock journal may be 
supported on an upright stand 62 and coupled 
thereto by fasteners 63. The support orients the 

30 mock journal to be square to the axes 14 and 17 of 
the connecting rod. 

This completes the essential steps of this 
method mode, but the additional step (e) of finish- 
machining of the mated rod portions may be car- 

35 ried out. Such machining is accomplished (i) at the 
crank bore opening 12 to remove material to a 
depth of about .017 inches, which may be about 
60-75% of the depth of any crevice in the wall 1 3; 
(ii) at the thrust surfaces 27 by a light grinding to 

40 remove material only to a depth of about .005 
inches; and (iii) at locations for milling of locking 
notches as will be described in connection with 
method mode 2C. 

A conventional step (f) would involve unloosen- 

45 ing the bolts to a degree permitting separation of 
the cap and body necessary to allow the insertion 
of the half shell bearings into each part of the 
connecting rod and the assembly of such body and 
cap about the right crank arm of an automotive 

so crankshaft 92. To facilitate retention of the bolts 60 
to the cap of the connecting rod, interference-fitting 
bands 69 or ferrules may be slipped onto the 
shank of each bolt prior to formation of threads on 
each bolt; when the bolt is fully threaded into 

55 opening 21, the bolt head 60b will force the band 
or ferrule into place as an interference fit (as shown 
in Figure 6a). Thus, even when bolts 60 are fully 
unthreaded from body 53, the band 69 will not 

6 
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permit the threaded portion of each fastener to 
pass through such band and thereby will be re- 
tained to cap 52. Thus, loss of bolts during attach- 
ment to the crankshaft is avoided and automation 
of such assembly is facilitated by such bolt and 
cap assembly. 



Method Mode 2B 

This mode additionally provides for definition of 
stress risers independently of step (a). This may be 
accomplished by machining or broaching sharp 
grooves into the rough-machined surface of crank 
bore opening 12, such grooves extending parallel 
to the axis 14 and preferably to a depth of about 
.030 inches. Again, the converging of such grooves 
should be sharp and have an included angle there- 
between of 70-100°. The machining for this sub- 
step (a-1) should be either in the rough-machined 
bore surface or in the virgin wall itself prior to 
rough-machining. 

This method mode also distinguishes from the 
generic mode by a particular and improved manner 
of applying tension in step (c). This mode continu- 
ously pulls apart the connecting rod in a direction 
perpendicular to the cracking plane with no limit on 
relative separation movement along the direction of 
pulling. This may be carried out by the apparatus 
as shown in Figures 11 and 12. A pair of plates 70 
and 71 are rigidly, but removably, provided to 
secure a hemisphericai-Iike block 72 therebetween 
by use of a plurality of dowels 73 extending 
through the plates and block. Slide plates 74,75 
similarly secure a hemispherical-like block 76 (in 
opposed position to block 72) by dowels 77. How- 
ever, a pin 78 (having a diameter commensurate 
with the internal diameter of the pin opening wall 
19 of the small end 18 of the connecting rod) is 
rigidly held by the plates 74,75 and is received in 
the small end of the rod to permit the slide plates 
74,75 to pull the small end of the connecting rod. 
The pulling force is provided by an actuator 79 and 
is oriented to provide a pulling force that is per- 
pendicular to the cracking plane 24 as aided by 
tracks 85 on a bed 86 guiding the sliding motion of 
plates 74,75 by complementary rails 87. 

Tension created by tracked continuous separa- 
tion movement provides an ability to crack margin- 
ally ductile connecting rods without evidence of 
distortion. However, it is desirable that the hard- 
ness of the powder metal rod be maintained in the 
high end of the preferred range to enhance consis- 
tency of cracking. 

The roundness of the crank bore opening will 
quite unexpectedly be better retained with little or 
no evidence of distortion. Any out-of-roundness will 
be removed by finish-machining, but with increased 



efficiency due to accuracy of the opening. The 
cracked plane will be devoid of raised lips or ridges 
which can be a product liability problem if such lips 
are knocked loose in operation and enter the lu- 
s brication system. 



Method Mode 2C 

w This mode provides for mock journal guiding 

during remating and full radius bearing locking 
notches. Step (d) remates the split bearing portions 
(cap 52 and body 53) guided by a mock journal 61 , 
using compression forces (applied by threaded fas- 

15 teners 60 in threaded openings 21). Step (e) is 
divided into two stages, the first of which is to 
machine the crank bore wall 13 to finish dimen- 
sions which removes some portion of the stress 
risers 22 and 23. As shown In Figures 9. 9a, and 

20 10, the second stage of (e) is to provide one or 
more locking notches 80 in the finish-machined 
wall 13, which notches extend across the cracking 
plane 24 and have a curved radial extremity 81 
throughout. The notches 80 may be created by 

25 milling grooves with a rotary cutting tool that has a 
cutting radius substantially less than the radius of 
the wall 13. The grooves may have a rectangular 
cross-section defined by a width 82 of about .25 
inches and a groove bottom (radial extremity 81) 

30 that extends a distance 99 (.5-1 inches) to either 
side of the cracking plane 24. These notches pro- 
vide a sharp shouldered space into which tangs 83 
and 84 of half round or shell bearing sleeves 64 
may radially extend thereinto. Such half shell bear- 

35 ing sleeves are locked against axial displacement, 
taken with respect to axis 14, provided the tangs fit 
snugly into the width of such grooves. 

Step (0 comprises the assembly of the cracked 
connecting rod onto a shaft 65 (i.e., crank arm of 

40 an automotive crankshaft 92) with the half shells of 
the bearing sleeve 64 interposed therebetween. 
Such bearing sleeve can be comprised of lami- 
nated bronze powder metal coated with a Babbitt- 
type material. The half shells are shrunk-fit to the 

45 crank bore opening wall 13 and aligned so that the 
shells separate with the cap and body respectively 
during assembly onto the shaft 65. 

The resulting bipartite connecting rod is 
characterised by: (a) a body and cap, each consist- 
so ing of densified powder metal fractured from a 
unitary hot forged powder metal preform of sub- 
stantially net shape, the body and cap being re- 
mated at substantially the exact rematch of the 
fracture surfaces and secured in such rematched 

55 position by threaded compression fasteners ex- 
tending across the cracking plane; (b) clean, 
cracked surfaces extending along the cracking 
plane with little or no raised lips or edges deviating 
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therefrom; (c) improved bore tolerances to .0004 
inches or less; and (d) a mass/cross-sectional 
cracking area ratio of 400-800. 

The apparatus aspect of this invention com- 
prises: (a) a member for holding one internal side 
of a bearing generally stationary, the one side 
being on one side of an intended cracking plane; 
and (b) means for continuously pulling a second 
internal side of the bearing away from the first side 
in a direction perpendicular to the cracking plane 
while the second internal side is held substantially 
square to the direction of pulling. 

While particular embodiments of the invention 
have been illustrated and described, it will be ob- 
vious to those skilled in the art that various 
changes and modifications may be made without 
departing from the invention, and it is intended to 
cover in the appended claims all such changes and 
modifications as fall within the true spirit and scope 
of the invention. 



Claims 

1. A method of making a connecting rod for 
attachment to a bearing journal by separation of 
the connecting rod, the method comprising the 
stepc of: 

(a) forging a powder metal sintered preform 
to provide a one-piece connecting rod (10) having 
an annular wall (13), defining a crank opening (12) 
with a centre axis, said rod (10) being providec 
with stress risers (22,23) in the annular wall (23) for 
establishing a cracking plane that extends across 
said crank opening 12; 

(b) providing access (21) for a compression 
coupling across said-cracking plane; 

(c) while at ambient conditions, applying ten- 
sion substantially uniformly across said cracking 
plane (14) to propagate fracture from said stress 
risers (22,23) along said cracking plane (24) and 
thereby separate said connecting rod (10) into a 
cap (52) and body (53) with cracked surfaces 
(56.57), and 

(d) remating said cap (52) and body (53) by 
applying a compression coupling through said ac- 
cess (21) to draw said cap (52) and body (53) 
together under guidance and under metal yielding 
pressure to effect substantially an exact rematch of 
said cracked surfaces (56,57). 

2. A method as claimed in claim 1, in which 
said stress risers are crack-initiating crevices pro- 
vided by preformed indentations in said annular 
wall at opposite sides of said crank opening and 
extending substantially parallel to said centre axis. 



3. A method as claimed in claim 2, in which 
said access in step (b) is comprised of threaded 
fastener openings and said compression coupling 
is comprised of threaded fasteners received in said 

s openings effective to draw said cap and body to- 
gether with a force substantially up to the yield 
limit of said fasteners. 

4. A method as claimed in Claim 3, wherein the 
threaded fasteners are inserted into said fastener 

io openings and turned sufficient to draw said cap 
and body together guided by a mock journal to 
effect substantially an exact rematch of said 
cracked surfaces, the mock journal being identical 
to the bearing journal within a diametrical tolerance 

75 of plus or minus .0015cm (.0006 inch). 

5. A method as claimed claim 3, in which said 
, fasteners have an unthreaded shank adapted to 

extend throughout the fastener openings in said 
cap with a diametrical clearance therebetween, said 

20 fasteners being inserted with a band having a 
smooth surface slidable on said shaft and a cur- 
vilinear outer surface with a radial height effective 
to provide an interference fit with the fastener 
openings in said cap. 

25 6. A method as claimed in Claim 1, in which 
said step (d) comprises assembling said fractured 
rod portions together at substantially the exact re- 
match of said cracked surfaces by guided applica- 
tion of compression forces, machining the annular 

30 wall defining the crank openings of said connecting 
rod to final finished dimensions in said remated 
condition, and providing bearing locking notches at 
each diametrical side of said annular wall extending 
across said cracking plane, each notch having a 

35 curvilinear radial extremity throughout its length. 

7. A method as in claim 6, in which a pair of 
said notches are employed, each being parallel to 
the other and disposed at one side of the crank 
opening. 

40 8. A method as in claim 6, in which said 

notches have a cross-section which is generally 
rectangular. 

9. A method as in any one of the preceding 
claims, in which said forged powder metal connect- 

45 ing rod resulting from step (a) has a sharpy V- 
notch value of 6.6 - 10m/kg (10-15 ft/lbs) at 21 °C 
(70°F) and a hardness of 30-40 R c . 

10. A method as in claim 9, in which said 
forged powder metal connecting rod resulting from 

so step (a) additionally has tensile test properties of 
an ultimate tensile strength of 130-140 ksi, an elon- 
gation of 10-15%, and a reduction of area at yield 
of 30-40%. 

11 . A method as claimed in claim 1 , in which in 
55 step (a) the resulting powder metal connecting rod 

is a ferrous based metal and has-a ratio of mass to 
cracked surface area in the range of 400-800. 
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12. A method as claimed in claim 1, in which in 
step (a) the forged powder metai connecting rod is 
aluminium alloy based and has a ratio of mass to 
cracked surface area in the range of 200-400. 

13. A method as claimed in claim 1, in which s 
said connecting rod is rough-machined prior to 
step (c). said rod having flat bearing faces adjacent 
both ends of said annular wall, said flat faces and 
annular wall being rough-machined. 

14. A method as claimed in claim 1. which w 
additionally comprises a step (e) of finish machin- 
ing said annular wall by the removal of material to 

a radial depth effective to remove a major portion 
of said stress risers. 

15. A method as claimed in claim 2. in which 75 
said crack-initiating crevices are machined to pro- 
vide a V-shaped notch having an included angle in 

the range of 70-100°. 

16. A method as claimed in claim 1, in which • 
said stress risers are provided subsequent to the 20 
forging of said rod by machining. 

17. A method as claimed in claim 1, in which in 
said application of tension is carried out by pulling 
a wedge between a pair of mandrel blocks, each 
block being in contact with one. but different, side 25 
of said connecting rod and different sides of said 
cracking plane, said wedge having a camming an- 
gle in the range of 15-25°. 

18*. A method as claimed in claim 3, in which in 
step (d) said fasteners have an unthreaded shank 
adapted to extend throughout the fastener open- 
ings in said cap with a diametrical clearance there- 
between, said fasteners being inserted with a band 
having a smooth surface snugly slidable on said 
shank and having a curvilinear outer surface with a 
radial height effective to provide an interference fit 
with the fastener opening in said cap. 

19. A method as claimed in claim 1. in which 
said application of tension is carried out by con- 
tinuously pulling apart said rod in a direction per- 40 
pendicular to said cracking plane to create said cap 

and body, said pulling being carried out without 
limiting relative separation movement between said 
cap and body along said pulling direction. 

20. A method as claimed in claim 19, in which 45 
the step of said continuous pulling apart is carried 

out by holding said cap stationary with reference to 
the direction of pulling and said body is pulled 
along said direction with increasing tension across 
said cracking plane. 50 

21. A method as claimed in claim 19, in which 
one of said cap and body is maintained substan- 
tially square to the direction of pulling by stops 
limiting skewing deviation, and the other of said 

cap and body is maintained square to said pulling 55 
direction by securing such other part to a slidable 
support while controlling the sliding of said support 
along a track parallel to the pulling direction. 



30 
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22. An apparatus for fracturing a powder metal 
bearing support having stress risers to initiate 
cracking along a predetermined cracking plane and 
having a sharpy V-notch value of 6.6 - 10m/kg (10- 
15 ft/ibs) at 21 °C <70° F ) along with a hardness of 
30-40 R c , comprising: 

(a) a first member for holding one internal 
side of said bearing stationary, said one internal 
side being on one side of said cracking plane; and 

(b) means for continuously pulling a second 
internal side of said bearing away from said first 
member in a direction perpendicular to said crack- 
ing plane while said second internal side is held 
substantially square to said direction of pulling. 

23. An apparatus as claimed in claim 22, in 
which said means for continuously pulling the .sec- 
ond internal side comprises a slide plate having a 
pin interfitting within the small end of said connect- 
ing rod, said slide plate being guided in tracks 
perpendicular to said cracking plane. 
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(a) Forge Powder 
Metal Rod With 
Stress Risers For 
Establishing Cracking 
Plane. 



(b) Provide Access 
For Compression 
Coupling Across 
Cracking Plane. 



(c) Crack Connecting 

Rod By Tension 
Across Cracking Plane. 
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(a) Forge Powder 
Metal Rod. 



□ 



(a-1) Provide Stress 

Risers For 
Cracking Plane. 



(b) Provide Fastener 

Openings Across 
Cracking Plane. 



(c) Coniinously Pull 

Apart Rod In 
Direction Perpen- 
dicular To Cracking 
Plane With No Limits 
On Relative Separa- 
tion Movement Along 
Direction Of Pulling. 



In The Process Of 
Mode A or B Having 
Steps (a - c). 



(d) Remote The 

Split Portions Of 
Rod, Guided By Mock 
Journal And Under 
Compression Forces. 



(d) Remote The 

Split Portions Of 
Rod, Under Guidance 
And Under Yielding 
Pressure. 



I 

I 

r (e)~ Finish MachJne ! 



(d) Remote The 

Split Portions Of 
Rod, Under Guidance 
And Under Yielding 
Pressure. 



Lifted Rod.' " J 

I ' * *. 
I v 

, — ._ 

\(f) Assemble -Rod 1 
I Onto Shaft With \ 
\Bearing Assembly. | 



I 
I 

[TiJ ~ Finish MachJi7~] 
\_ _ Mated Rod__ J 

I 
I 
I 
I 
I 

\{0 Assemb/e~R~od~ 1 
I Onto Shaft With \ 
I Bearing Assembly. \ 



l) Machine Crank 
Bore Wall To 
Finish Dimension Re- 
moving At Least Part 
Of Stress Risers. 



(e-2) Provide 

Notches In Crank 
Bore Wall Extending 
Across Cracking 
Plane And Having 
Curved Radial Ex- 
tremity Throughout. 



T(fJ Assemble Rod ""J 
[ Onto Shaft With 
I Tonged Bearing In \ 
[Notches. i 
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